Nightly movements of bats have been described for only a handful of species around the world. The lesser long-nosed bat (Leptonycteris yerbabuenae) is a migratory pollinator recently delisted from threatened status in Mexico and proposed in early 2017 to be delisted from endangered status in the United States. Documenting the nightly movements of these bats and how they use the desert ecosystem when they spend the summer in Sonora, Mexico, is critical for protection of their habitat and to understand food availability and landscape use. We used inert fluorescent powder to mark thousands of bats emerging from a cave used as a day roost, then examined bats captured at known foraging sites for this marker. We also marked individuals captured at foraging sites with different colors of powder that enabled us to search for dyed feces in the cave. Our results demonstrate that these bats made round trips of ca. 100 km flying from their roost cave to their nightly foraging grounds, which exceeds all distances known from other phyllostomid or nectar-feeding bats in the world.
whether these movements occurred while females were lactating or not. Henry et al. (2002) suggested that lactating female Myotis lucifugus, a vespertilionid, shorten their foraging flights to compensate for the additive costs of foraging and lactation in their energy budgets. Sahley et al. (1993) and Horner et al. (1998) reported nightly movements of the lesser long-nosed bat, Leptonycteris yerbabuenae, at 25-30 km, on the basis of radiotracked reproductive females flying from Tiburon Island in the Gulf of California to their feeding grounds in the Sonoran mainland. However, no information is available either on the specific location of the supposed maternity colony on Tiburon Island, or on the true origin of the radiotracked bats. The appearance of the signal may be due to the bats coming into range from farther locations, or to the bats emerging from an unknown roost. Horner et al. (1998) sketched the hypothetical location of the cave in Tiburon with no field assessment of whether there actually is a cave in that area. Having visited that area on many occasions, we did not find any indication of a significant L. yerbabuenae colony. Buechner and Sidner (2013) reported long distances traveled by this species from a roost into the Tucson urban area to feed at hummingbird feeders, with an average distance traveled of ca. 30 km.
The lesser long-nosed bat, belonging to the subfamily Glossophaginae (Phyllostomidae), is the second largest flowervisiting bat of the New World. Its range extends from the southwestern United States to El Salvador and Honduras (Arita 1991; Cole and Wilson 2006) . The diet consists mostly of nectar of the plant families Agavaceae, Cactaceae, Convolvulaceae, Malvaceae, and Leguminosae Hayward and Cockrum 1971; Cole and Wilson 2006) . It lives in deserts and dry tropical forests in low to medium altitudes, below 1,800 m a.s.l. (Cole and Wilson 2006) . It is an important pollinator of ecologically, economically, and culturally important plant species such as columnar cacti (Pachycereus spp., Carnegiea gigantea, and other Cactaceae), agaves (Agave spp., Agavaceae), morning glory trees (Ipomoea arborescens, Convolvulaceae), and others (Sperr et al. 2011; Trejo-Salazar et al. 2016) . Leptonycteris yerbabuenae is legally considered Endangered in the United States (U.S. Fish and Wildlife Service 1997), but in January 2017 a proposal to delist it was published (U.S. Fish and Wildlife Service 2017), and it was recently taken off the Mexican list of Endangered Species, after being considered Threatened in 1993 (Medellin and Walker 2003; Medellin et al. 2009; SEMARNAT 2015) .
This species has a complex life cycle, with some females migrating in spring from southern and western Mexico to the Sonoran Desert, where they give birth in early May, while other females do not migrate and give birth in the dry tropical forest of western and southern Mexico between October and March (Tellez et al. 2000; Rojas-Martinez et al. 1999) . Males, however, generally do not migrate.
Flower nectar contains mainly sugar but no significant amounts of other necessary nutrients such as proteins and lipids (Baker and Baker 1983) . As nectarivory is even more expensive than frugivory, nectar-feeding bats have to allocate considerable time to find the best sources of food (Voigt et al. 2006) or visit a large number of flowers (Helversen and Reyer 1984; Ober et al. 2005) , which may require covering large distances per night. This fact is reflected in the long distances some nectar-feeding bats fly each night to their feeding areas. Moreno-Valdez et al. (2004) speculated that L. nivalis, a larger species, could fly more than 80 km (50 miles) to feed on agave flowers in northern Mexico. Helversen and Reyer (1984) estimated, based on experiments using doubly labeled water, that the 11-g Anoura caudifer performs 800-1,000 visits to flowers and flies about 50 km per night.
Using radiotelemetry to follow bats is expensive, difficult, and often burdensome for the bats themselves. In consequence, it is not yet a method that can be applied to a large number of individuals in a short period of time. We therefore tested the use of fluorescent pigments, an alternative technique that, to our knowledge, has never been used to follow flying animals. Previous studies used fluorescent pigments to follow rodents (e.g., Longland and Clements 1995) . McShea and Gilles (1992) showed that fluorescent powders provide more accurate tracking of the movements of mice than live traps. Using this technique, our aim was to assess flight distances covered by individuals of L. yerbabuenae from the largest maternity roost of the species in the Sonoran Desert to their foraging areas.
Materials and Methods
Study area.-We studied the movements of L. yerbabuenae in the northern extreme of the species' range, in El Pinacate and Gran Desierto de Altar Biosphere Reserve (RBP) in northwestern Mexico, in the extreme northeastern coastal plain of the Gulf of California in the state of Sonora. Elevation ranges from 200 to 1,206 m. The landscape is diverse, with volcanic craters, lava flows, sand dunes, and flat areas, among other types of land cover. The most prominent landform is the volcanic shield, or Sierra El Pinacate. It occupies approximately 25% of the total area of the reserve. The volcanic badlands are surrounded by an extensive sand dune field, the largest in North America (SEMARNAP-INE 1995; Marshall and Blake 2009 ). The region is characterized by low rainfall, very high summer temperatures, and intense solar radiation. Average annual temperature is between 18°C and 22 °C, with a recorded summer maximum of 56.7 °C and a winter minimum of −8.3 °C. The climate is considered very arid with warm winter rains, following the modified Koppen climate system. Average annual rainfall is less than 200 mm (García 1981; SEMARNAP-INE 1995) .
The vegetation is mainly Sonoran Desert scrub, chaparral scrub, mesquite, and arborescent scrub (Felger 1980) . Dominant species include ocotillo (Fouqueria splendens), creosotebush (Larrea tridentata), brittlebush (Encelia farinosa), mesquite (Prosopis glandulosa), palo verde (Parkinsonia microphylla), saguaro (C. gigantea), organ pipe (Stenocereus thurberi), and senita (Pachycereus schottii). Leptonycteris yerbabuenae bats in this region feed on nectar and pollen primarily of 3 columnar cacti (Horner et al. 1998) , although only 2 of these are present in the Pinacate Reserve: saguaro and organ pipe (Felger et al. 1997) .
Field methods.-We visited RBP from 18 to 22 May 2012. A partially collapsed volcanic tunnel at the southern end of the lava flow, called Ives Flow, contains the largest known maternity colony of this species, with up to 200,000 pregnant and lactating females (Medellin et al. 2004; Marshall and Blake 2009) , arriving in late April and leaving in July or August (R. A. Medellin, pers. obs.) . The area around the cave has only a few saguaros and no other bat-pollinated plants. No significant concentration of food plants is anywhere within roughly 40 km of the cave. In consultation with the RBP staff and with the help of aerial photographs, we located the nearest 2 saguaro forests, where saguaro density exceeded roughly 10 per hectare, that can represent a significant food resource for the enormous number of bats leaving the cave each night. The closest saguaro cactus forest was in the vicinity of the MacDougal Crater (MDC; 31.9800, −113.6051), and the second closest was in a low, hilly terrain called Sierra de los Tanques (SLT; 31.8298, −113.0098). MDC is 39.7 km northwest of the cave in the edges of the volcanic shield, whereas SLT is 49.4 km northeast of the cave (Table 1) .
To determine the nightly movements of the bats, we marked them using differently colored fluorescent powders that are biologically inert. We used 3 different colors: bright yellow D-034, orange IPO-15, and blue IPO-19 (Phantom Pigments DayGlo Color Corp, Cleveland, Ohio). Three teams were stationed in 3 different locations: the maternity cave, a saguaro forest at MDC, and a saguaro forest at SLT. During the entire emergence of the bats from the cave on 19 and 20 May, we sprinkled yellow fluorescent powder on the stream of emerging bats, using 2 kitchen colanders 200 mm in diameter, 1 inside the other, with a mesh size of ≤ 1 × 1 mm, starting at 2100 h and ending at 2400 h. Concurrently, 2 teams, 1 near MDC and the other at SLT, each set three 12-m-long mist nets close to freshly opened saguaro flowers. Using an ultraviolet flashlight (ScorpionMaster 100 led UV light; Shawshank LEDz Inc., Gilbert, Arizona), we screened each netted bat for the presence of particles of the yellow fluorescent powder immediately after capture and before further handling. Before release, each bat was placed in a Ziploc bag containing fluorescent powder of a different color, keeping its head outside to avoid sensory impairment. The fluorescent powder was gently rubbed onto the fur of the bat, and then it was immediately released. Bats captured at MDC were treated with orange-glowing fluorescent powder, and those at SLT with blue-glowing powder.
On the following evening, after midnight, i.e., when the flow of emerging bats was mostly exhausted, 2 of us entered the cave with UV flashlights and searched for remnants of orange-or blue-glowing fluorescent powder in fecal droppings within the cave. Given the extreme ease with which fluorescent powders disperse, the 3 teams were kept separate at all times for the 2 days the study lasted, each staying in the vicinity of the site where they made their observations, to avoid contamination indicating false positives. When handling live bats, we followed the guidelines of the American Society of Mammalogists for the use of wild mammals in research (Sikes et al. 2016) .
results
Emergence of bats from the maternity roost started at dusk, around 2000 h. By sifting yellow fluorescent powder on the stream of emerging bats over several hours, we managed to temporarily mark many thousands of bats.
The first night of the study, the first bats carrying yellowglowing powder were netted at SLT at 0030 h, 4.5 h after we began sifting the yellow powder on the emerging bats (Fig. 1) . On the second night, the first bats were captured at 2230 h, 2.5 h after sifting started. At MDC we captured 11 individuals, of which 6 (54.5%) carried yellow powder, whereas at SLT we captured 6 bats, 4 of which (66.6%) carried the yellow fluorescent particles sprinkled at the cave. All individuals were covered with pollen from cacti that was not fluorescent under UV illumination. All bats captured at the 2 saguaro forest sites were females, 8 of which were in the latest stages of pregnancy, 6 were lactating, and 3 were nonreproductive. Mean weight of the pregnant females was 32.6 g (range: 28-43), that of the lactating females was 31.1 g (range: 26-36), and that of the nonreproductive females was 28.3 g (range: 21-31; Table 1 ). Two of us entered the cave on 20 May around 0000 h-ca. 25 h after the first captured bats were marked with orange powder at MDC and with blue powder at SLT. We encountered several orange and blue fecal pellets on the floor of the cave, clearly indicating that at least some of the bats had conducted in the night before round trips of 79.4 and 98.8 km, respectively, between the cave and the capture sites at the saguaro forests.
discussion
The first marked bats were captured ca. 2.5 h after the beginning of the bat emergence and marking with the powder at the cave, at a distance of 49.4 km. Assuming a straight line between capture site and the cave, this indicates that the minimum cruise flight speed of these bats is about 20 km/h. Buechner and Sidner (2013) estimated similar speeds on lesser long-nosed bats traveling from a roost to hummingbird feeders in Tucson, Arizona. This speed is slightly less than one-half of the 50 km/h mean flight speed recorded for Tadarida brasiliensis and much lower than the maximum speed of 160 km/h recorded for that species (McCracken et al. 2016) .
Our data clearly show that pregnant and lactating L. yerbabuenae are able to commute at least 39.7 and 49.4 km from their roost to their foraging areas, indicating round trips of a minimum of 79.4 and 98.8 km. These results extend significantly the distances from roost to foraging areas hypothesized by Horner et al. (1998) for this species on Tiburon Island in the Gulf of California. Their estimates of 29 km are likely inaccurate, given that no exact location of the supposed roost in Tiburon Island is provided, meaning that the start of the flight of the radiotracked bats is not known. The sudden pick-up of the signal may be due to the bats coming into range from farther locations, or to the bats emerging from an unknown roost. Horner et al. (1998) guessed a hypothetical location of the roost cave. Having visited that area on many occasions, we did not find any indication for a significant L. yerbabuenae colony in the area. In addition, Horner et al. (1998) indicate that the distance between the island and the mainland is 30 km, when in fact along the northern 27 km of coastline of Tiburon Island, more than half of its length, this distance varies only between 1 and 4 km.
The bats in our study were assumed to move in a straight line between their roost and foraging grounds. Horner et al. (1998) estimated the flight speed of L. yerbabuenae at 28 km/h over water and 15 km/h over land. Our minimum speed estimates indicate 20 km/h over land. While we do not have any estimates over water, there is no reason to assume that the speed is different, especially as the surroundings of the study area were largely devoid of food.
Given that most captured individuals were lactating females, clearly these individuals were "anchored" to the cave by their suckling pups. At that time of the year, many of the pups are less than a week old and rely completely on their mothers for their survival. We have searched extensively the lava fields around the RBP, and have found several other caves, but these were all either empty or not inhabited by L. yerbabuenae. Other caves found in the area had Macrotus californicus (Phyllostomidae), Antrozous pallidus, Parastrellus hesperus, or Myotis sp. (Vespertilionidae). The Ives flow cave is the largest maternity colony known for L. yerbabuenae, and this species seems to restrict its roosting in the RBP mainly to this one large cave. Maintaining constant communication among the 3 teams proved helpful to understand the movements of bats. Constant communication via cellphones allowed us to ensure that, for example, it took about 2.5 h for the first bats from the cave to arrive at the foraging grounds.
Marking bats for recapture, movement, or demographic studies has been accompanied by technical challenges that have hindered many research efforts. Fluorescent powder is very easy to use, comparatively inexpensive, very safe, and many bats, in our case up to many thousands, can be marked temporarily with relatively little effort and no long-term consequences for the animals. Fluorescent powder techniques may be useful for studies on bats, focusing, e.g., on individual interactions, movements, roost use, feeding strategies, epidemiological studies, and more.
Beyond the 49 km traveled each way, this species hovers while feeding (Cole and Wilson 2006) . This means that they are very likely capable of flying much longer distances while commuting or migrating. Future use of advanced tracking technologies such as miniaturized GPS devices (Cvikel et al. 2015) will help to provide more accurate information on the capabilities of this interesting species. Our results indicate that lesser long-nosed bats are very powerful fliers, and likely able to fly the longest daily distances of any phyllostomid bat, given their migratory patterns. This has implications for their conservation needs, as it is now clear that foraging grounds might not necessarily be close to roosts. This in turn opens the door for more work to understand, for example, how these bats reach flowering tequila agave fields that are far from any roost, such as in Jalisco (Trejo-Salazar et al. 2016 ).
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